We propose a framework to examine banks' asset securitization program. It provides a comprehensive view that explains various separate findings and claims in the literature. We derive optimal timing and quantity of banks' asset securitization by explicitly incorporating stochastic asset returns and leverage constraints. We also quantify how much additional value can be created by asset securitization program, which gives some insights into why banks securitize assets. We further conduct some comparative analysis by varying the asset quality and economic environment, obtaining results that can account for the actual securitization trends including the bubble and crisis periods. Our empirical analysis using a Japanese data set also provide evidences that are consistent with our theoretical implications.
Introduction
Why do banks securitize assets? The literature points out various incentives of asset securitization. First, securitization reduces banks' assets and thus leverage, contributing to the risk management in light of the value-at-risk (VaR). Under capital regulations, securitization also reduces the risk asset (i.e., loans) and thus the level of regulatory capital required (regulatory arbitrage documented by Brunnermeier [5] , among others). Second, securitization contributes to banks' profits through low funding costs or greater availability of funds as compared to traditional corporate finance (Shin [25] ). Given the opaqueness and riskiness of bank assets, a bank faces severe asymmetric information problems in corporate finance. In contrast, securitized assets are more transparent and less prone to asymmetric information (James [12] ; Flannery [8] ). Risk allocation between banks and investors are also more flexible in securitization than in corporate finance (Greenbaum and Thakor [9] ; Boot and Thakor [3] ; Riddiough [23] ). In addition, securitization permits banks to specialize in originating loans and to free from funding and warehousing them. If banks have a comparative advantage in the former rather than the latter, which is plausible under capital requirements and reserve requirements, securitization enhances banks' profits (Pavel and Phillis [20] ; Pennacchi [21] ; Flannery [7] ; Jaffee and Rosen [11] ; Passmore [18] ; Twinn [27] ).
Though the various effects of securitization on leverage and profits have been discussed separately in the literature, they are not mutually exclusive or incompatible with one another. In fact, if the marginal return to asset is decreasing due to higher informational or regulatory costs associated with higher leverage, then controlling of asset size and leverage through securitization may contribute to raise profits and reduce volatility. Of course, securitization involves some sales costs and securitized products may sell at discounted prices. Taking all these factors into consideration, we formulate securitization in a unified way as a bank's value-maximizing behavior to control their asset size (or leverage). As a solution of stochastic optimization problem, we can derive when and to what extent banks securitize assets. In formulating a bank's optimization problem, we impose the constraints on the asset size (or leverage) both at its maximum (leverage constraints or capital regulations) and its minimum (solvency constraints). We will also quantify how much additional value can be created by asset securitization program. This analysis gives some insights into why banks securitize assets. We further conduct some comparative analysis by varying the asset quality and economic environment.
Our theoretical analysis yields some interesting and realistic results. First, securitization is more beneficial when banks' asset quality is deteriorating because in this situation, banks take advantage of the existing good asset by repeatedly making asset securitization of small size. In the real world, investors may regard the high frequency and low volume of securitization as the deterioration of asset quality of the originating banks. Second, when the asset quality is abnormally improving (in the bubble economy), banks have an incentive to hold the asset by increasing the leverage. This result is consistent with the U.S. banks'behavior just before the sub-prime mortgage loan debacle in 2007 (Adrian and Shin [1] ). Third, when the asset quality is deteriorating and the sales value of securitized product is severely discounted (in the financial crisis), banks wait for the asset to grow for a long time until they securitize assets. The delay in securitization in this case leads to a large sales volume when it is made. This result is consistent with the fire-sales of securitized products observed in the recent financial turmoil (Brunnermeier [5] ).
We also provide some empirical evidences consistent with our theoretical analysis. Using the data set of securitized products originated by Japanese banks, we find that low capital ratios (or high leverage) tend to increase securitization, suggesting that banks actively control their leverage through securitization. Second, the issuance of securitized products results in lower abnormal stock returns. Securitization seems to serve as a bad signal concerning the originating banks' asset quality.
The remaining part of this article is structured as follows: In Section 2, we introduce the dynamic model of bank's securitization problem in the form of stochastic impulse control. In Section 3, we solve and implement the model. We compare four cases that depend on the bank's asset quality and underling economic climate, providing numerical examples. In Sections 4 and 5, we discuss the Japanese banks' securitization programs as our empirical evidence.
The Model
Let (Ω, F, (F t ) t≥0 , P) be a complete probability space with a standard Brownian motion W = {W t ; t ≥ 0}. We model the market value of the normalized total asset value process X by 2 a geometric Brownian motion:
where µ and σ are positive constants. We normalized the bank's total asset value by the book value of its equity. The bank invests their own and borrowed capital in various assets whose profitability is summarized by a function f : R + → R. Let us assume that f (x), representing the profit of the bank at (normalized) asset level x, is an increasing concave function. The bank can earn positive profits (at least for a sufficiently small asset size) either due to the restrictions on entry into the banking industry (i.e. the franchise value stressed by Hellmann et al. [10] , among others) or its advantage in processing the customers' private information (information monopoly advocated by Sharpe [24] and Rajan [22] . The bank has an incentive to increase the leverage and invests in risky assets. However, investment opportunities are finite and the bank chooses appropriate transactions by evaluating their risk-return profile of available opportunities. It should be pointed out that the bank has to also take its asset-diversification requirements into account. For example, even if there still remains a substantial number of opportunities of attractive risk-return profile in one industry segment, the bank shall cap them at certain level. Therefore, as the bank starts depleting attractive transactions, the profitability flattens out (i.e., f ′′ (x) < 0) for some x large enough.
The increased leverage leads to further fluctuations of the market value of the assets. For example, a negative µ and/or high volatility σ shall imply that the overall asset quality has deteriorated and shall be penalized by possible bankruptcy/insolvency threat. We define the insolvency time by τ := inf{t ≥ 0 : X t ≤ x} as the first time the bank's normalized total asset value hits level x, a certain number exogenously provided. Note that any level x in (0, 1) represents balance sheet's (cash flow) insolvency.
On the other hand, the bank needs to consider some regulatory issues. For example, the bank has to maintain a certain level of its own capital measured by the ratio of the total asset to shareholders' equity. We call this ratio "capital ratio" hereafter. In our notation, the bank cannot increase the asset X beyond that level. To incorporate this issue, we postulate that the bank has to reduce its total asset size as soon as it reaches that level, sayx. Of course, the compliance to the regulation can be accommodated by issuing more capital. But to focus on short run analysis, we keep the level of the bank's own capital constant. It should also be pointed out that the shareholders' equity in the regulatory requirements is usually referred to the book value, a fact that justifies our formulation here. Moreover, the bank may have a formula that transforms the book value of its equity to the market value, provided that the bank knows the market value of the total asset 2 . To maintain sufficient equity in its book, the bank from time to time sells its assets in the market to reduce the total asset size and hence its volatility. In this way, the bank can secure the profit by the sale of the assets and reformulate its marketing plan for making a room to invest in "better" transactions. The timing and size (measured by the normalized asset size) of asset sales, to be controlled by the bank, are denoted by a double sequence:
where 0 ≤ T 1 < T 2 < .... are an increasing sequence of F t -stopping times and ξ 1 , ξ 2 ... are F Ti -measurable random variables representing the amount of the securitization exercised at the corresponding intervention times T i . In other words, ξ i = X Ti− − X Ti > 0 represents the amount of the asset reduction at time T i . If a strategy ν satisfies the above specification, it is called admissible. We call V the set of all admissible strategies. Namely, for a strategy to be in V, it has to satisfy (1) ξ i = X Ti− − X Ti > 0 for each i and (2) the controller (bank) must maintain X on or below the levelx for all t ∈ [0, τ ).
The costs involved in this control consist of proportional (to the size of the asset sales) and fixed-amount portions. The latter deals with administrative work including negotiations with the underwriters. It follows that when the bank sells its assets at the level of x to y, then the total cash flow is λ(x − y) − K where (1 − λ) measures the securitization's proportional cost and K ∈ R + is the fixed cost incurred at the time of sales. The bank's objective is to maximize the discounted expected profit
by finding an optimal strategy ν * among all the admissible strategies in
In the short run analysis where the bank's own capital is held constant, we focus on the following two cases:
Case 1 Positive drift and medium-to-low volatility: In this case, the bank has sound investment assets. It then uses asset sales mainly to keep the capital ratio within a comfortable range. Case 2 Negative drift and high volatility: This reflects deteriorating overall asset quality. Given the constant equity level, the bank needs to improve its capital ratio by cashing out its future income stream (i.e., selling assets). Then p(x, y) := λ(x − y) − K represents the net cash flow from the asset sale. That improves the value J ν (·) and, accordingly, helps to improve the capital ratio in the next period. Simultaneously, however, this transaction brings the asset size closer to level x in the current period.
Note that in either case, cash flows from the sale, i.e., p(·, ·) is not reflected in the computation of the bank's capital ratio in this period. In the next period, however, this amount shall be added to the bank's capital and the initial capital ratio X 0 = x shall be renewed. In a sense, this time-lag of practical accounting matter is automatically incorporated in our model.
Model implementation: Theoretical results
To solve (2.2), we shall specify the form of profit function as
and compute
with m :
Then, by the method to solve stochastic impulse control problems of linear diffusions (see for example a standard textbook by Øksendal and Sulem [16] ), we can find the solution
where
with p 1 > 1 and −p 2 < 0 being the two roots of
Hence the strategy is to make asset sales at time
It is useful to identify the value of the securitization program itself. The latter can be obtained as the difference of the two value functions v(x) and
.
because thisv function gives us the value of the bank's operation without any securitization program. In this sense, the quantity (v −v)/v indicates the relative improvement of the value in the presence of securitization program. By using the standard computation, we obtain
Case 1 vs Case 2: First we consider Case 1 (normal asset quality). Figure 2 -(a) presents that for each a we can compute the value of β(a), which is maximized at a = 2.55. Figure 1 -(a) shows the value function v(x) (above) and the value without any securitizationv(x) (below). Observe that the vertical distance between the two curves is the 5 λ) and fixed cost K of securitization. That is, the bank needs to make asset sales more frequently by paying a large fixed cost. This inefficiency affects also the value function v(x) which is much smaller than the one in Case 1.
Then we take a look at the relative improvement of the value created by the securitization efforts Figure 3 . It is interesting to observe that the greater improvement is attained in Case 2. In this situation, the bank may collect the value (within its asset portfolio) as quickly as it can by repeatedly making asset sales of small size. Recall that the sale is made almost at par λ = 0.95. Hence the bank in Case 2 that faces deteriorating asset quality takes advantage of the existing good asset. However, we also have to consider the danger involved. By moving the asset level to the left via securitization, the bank brings itself closer to the insolvency level x. Especially in Case 2 with the negative drift and large volatility, the situation is more serious. We quantify this issue. At the post-securitization point X Ti = a * for all i ∈ N, the probability that the total asset hits x before the next securitization time T (i+1)− can be computed as follows:
where S : (0, ∞) → R + is the scale function of the diffusion. See Borodin and Salminen [4] . In the case of geometric Brownian motion, it is
with κ = µ/σ 2 − 1/2. Using this, we compute, for this numerical example, that q = 0.356 and q = 0.860 in Case 1 and 2, respectively. The value maximizing criterion (2.2) leads to a 7 
σ 2 x 2κ−1 dx, the speed density. For the given example, it is computed T (a * ) = 13.06, and 6.47 in Case 1 and Case 2, respectively. In Case 2, the duration is much smaller, indicating more frequent asset sales. If this happens in the economy in which all banks have access to securitization technology, the high frequency and low volume may be regarded as the deterioration of the asset quality of the bank. Since the increased drift has made it easier to reach a higher asset value, the bank can wait longer for realizing a larger profit λ(b * − a * ) and, at the same time, enjoying a larger running profit f . Hence when the economy is doing well, the bank has an incentive to hold the asset by increasing the leverage. This result is consistent with the pro-cyclical leverage observed for U.S. financial intermediations. Adrian and Shin [1] found that U.S. investment banks accelerated the growth of leverage when the value of assets were growing rapidly. This situation, however, could lead to a large loss in case the bubble in the economy bursts abruptly. In this sense, the regulatory levelx should be appropriately determined. Due to the existence ofx, the bank cannot accumulate the asset base so much. We computed how the expected duration until the next securitization (or the ruin) would change for the bubble economy case. We obtain T (a * ) = 11.12 which is shorter than 13.06 of the original Case 1. The increased drift has made the b value significantly higher (from 6.26 to 13.06) but still it takes less time until the next securitization. 8
Comparative Statics 1-Bubble
Another interesting phenomenon is that the relative improvement curves (v −v)/v of Case 1 and Case 1 ′ intersect. See Figure 4 -(a). For small values of x, Case 1 ′ has greater improvements than Case 1. This relationship is reversed for larger values of x. This is mainly due to the high level of b * in Case 1 ′ . At this level of initial value of x in the neighborhood of 10, in Case 1, it is within the intervention region where the optimal strategy is to make asset sales immediately. Hence the value increases rapidly there (because there is no need to wait) and so the relative improvement of Case 1 grows rapidly. Note that for smaller values of x in which both cases are in their respective no-action region, the improvement of Case 1 ′ is greater. Comparative Statics 2-Financial Crisis: We reduce the value of λ in Case 2 from 0.95 to 0.5. Call it Case 2 ′ (financial crisis). In Case 2, the bank's asset quality is deteriorating reflected by the negative drift µ = −0.05 and the large volatility σ = 0.35 while the existing asset base is still sound reflected by λ = 0.95. However, in Case 2 ′ , the market has doubts about the quality of assets for sale. Outside investors may worry that banks are selling risky or low-quality assets ("lemons") and may demand a significant discount (λ = 0.5) at sales (e.g., Brunnermeier [5] ). Unexpected price shocks may also lead to high asset volatility and to a high margin or haircut (Brunnermeier and Pedersen [6] * has increased because the reduced profit level λ = 0.5 discourages the bank from making asset sales in a timely manner. Since the fixed cost has not changed, the bank has an incentive to reduce the number of transactions. Consequently, the delay in securitization in this case leads to a larger sales volume when it is made. But this could however cause a further price deterioration in the market as we witnessed in the recent financial crisis ("fire-sale externality" described by Shleifer and Vishny [26] , Brunnermeier [5] , and Adrian and Shin [1] ). Note that the value of a * is also higher. It is related to the ruin probability q. In the original Case 2, it was 0.860. It is computed now to be q = 0.868, no material change. The value of a * is arranged to be higher for the ruin probability remaining the same. For the computation of the expected duration, we find that T (a * ) = 6.62 up from 6.47 in the original Case 2. Since the drift parameter has not changed, it is presumably explained by the increased distance from a * both to x and to b * In the financial crisis case, it is 1.70 and 4.87, while it was 0.88 and 2.77 in the original. It highly contrasts with the change from Case 1 to Case 1 ′ where the expected duration gets shorter. Hence in the financial crisis scenario, the reduced profit level deters bank's securitization initiatives.
As for the relative improvement of the value, the declined λ (from 0.95 to 0.5) affects the value of securitization program in Case 2 ′ . See Figure 4-(b) . The improvement is much smaller as compared to Case 2.
Remark 3.1. When the solution to (2.2) is not feasible, that is, b has a value greater thanx, we see that no points of a satisfyx = b(a) because b(a) : R + → R + takes its minimum at a * ( Figure  2-(b) ). Hence we do not know a solution when the constraint is binding. To our knowledge, this is an open mathematical problem. Note that when the fixed cost is zero (K = 0), it is known that the solution is given by b * =x and at this time we have also a * = b * . See Paulsen [19] .
Empirical Analysis: Motives for Securitization
We conduct some empirical analysis on the motives and consequences of securitization by banks. In this section, we investigate the motives of securitization focusing on whether banks actively control their leverage through securitization.
Data
Our sample consists of securitized products issued by Japanese banks. Japan has a welldeveloped market of securitized products, though its size is still smaller than the U.S market. In addition, Japanese banks do not suffer such a serious moral hazard problem associated with securitization as we have observed for U.S. banks. These features are well suited to test our theoretical analysis. For the data source of securitization, we use "Survey of the Securitization Market" published by Japan Securities Dealers Association, which gathers information on the securities backed by Japanese domestic assets from April 1, 2004 and publishes the Survey monthly. Our sample period covers from April 2004 to December 2007. Note that the Japanese economy was recovering during our sample period from the preceding decade-long stagnation. (The average growth rate of real GDP is 2.3% during 2004-2007, higher than that of the preceding decade, 1.0%). The banking sector as a whole was also recovering from the non-performing loan problems, though still some banks were suffering from them. We limit our sample securitization products to those whose originators are Japanese banks. Counting multiple products issued by the same originator on the dame date as unity, we identified 101 securitized products originated by Japanese banks. Table 2 summarizes descriptive sample statistics. The median amount of the securities is 51.8 billion yen (about 563 million dollars). Banks issued securities constantly without a significant cyclical movement during the sample period. As for the assets backing the securities, housing loans occupy about 70 percent of total securities, followed by corporate loans and mortgage loans. The median interval between the issuance dates is 80.5 days, so that a bank typically originates securities four or five times per year. To investigate the motives and consequences of issuing asset backed securities, we matched the security data with the financial statement of the originating bank. The source of financial statement is Nikkei NEEDS Database, which covered through fiscal year 2005. We could identify 64 securitized products for which the originating bank's financial statement was available. The median amount of securities is approximately equivalent to 0.4 percent of the bank's regulatory assets or 0.5 percent of its total loans outstanding. 10
Results
As a (inverse) measure of leverage, we use the regulatory capital ratio in terms of the Basel capital standards (Basel I).We calculate a counterfactual regulatory capital ratio that a bank would show if it were not allowed to originate asset backed securities. Figure 5 depicts the counterfactual and actual regulatory risk-based capital ratios for two major Japanese banks. The counterfactual one is the capital ratio attained by the bank if it had not securitized assets. The figures are linearly interpolated between the ends of fiscal years because the data is available only annually. Figure 5 illustrates the role of securitization in maintaining the regulatory capital ratio. To investigate the relationship between the amounts of securities issued and bank capital, we estimate the following equation:
where Securities i,t denotes the amount of securities issued by bank i in fiscal year t. CapRatio i,t−1 and log(Asset i,t−1 ) denote the regulatory capital ratio and the logarithm of total assets of bank i in fiscal year t − 1, respectively. If a less capitalized bank is more likely to issue a larger amount of securities, the coefficient on CapRatio i,t−1 is negative. Note that log(Asset i,t−1 ) is included to allow for a fixed cost of issuing securities. Table 3 presents the estimation results. The coefficient on CapRatio i,t−1 is negative and significant, suggesting that banks actively control leverage through securitization. That is, a poorlycapitalized bank tends to issue more securities. This finding is consistent with evidence from U.K. (Pais [17] ). The coefficient on log(Asset i,t−1 ) is also negative and significant, suggesting that a smaller bank tends to concentrate securities issuance to save a fixed cost.
Empirical Analysis: Stock Market Reactions to Securitization

Methodology
We study the reaction of investors to the securitization of loans applyin the event study methodology to the securitization data desribed in the preceding section. The theoretical analysis above suggests that the stock market response to securitization depends on the economic environment. Suppose that the economy is normal but some banks may have a very good investment opportunities. Then, frequent and large-scaled securitization may serve as a good signal as the comparison between the normal case (Case 1) and the bubble case (Case 1 ′ ) suggests. On the other hand, if investors may worry about the possibility of a deteriorating asset quality at some banks, frequent and small-sized securitization may serve as a bad signal as the comparison between the normal case (Case 1) and the deteriorating asset case (Case 2) suggests. Existing evidence is mixed. Lockwood et al. [14] use the U.S. data set and find negative reactions to banks' asset securitization. On the other hand, Martinez-Solano et al. [15] use a Spanish data set and find positive stock market reactions to banks' securitization.
In order to use the event-study method, we need to estimate the expected returns from holding the stocks of banks if the securitization event did not occur, which are then used as the benchmark for computing the abnormal returns. The following equation is estimated over a period which runs between 40 days prior to the event up to 11 days prior to the event.
(5.1)
where R mt is the returns on the market index in period t. We define
where P it is the stock price of bank i. Then daily abnormal returns (AR) during the event window, i.e. the period from 2 days prior to the event to 2 days after the event, can be computed as
Then we can aggregate across securities to obtain average abnormal return (AAR). The sample aggregated abnormal returns is defined as
The associated average Cumulative Abnormal Returns (CAR) over the period (
where generally (T 1 , T 2 ) ∈ event window. We set (T 1 , T 2 )=event window.
Data
We identify the event day as the day when the terms and conditions of the securities are determined, which is earlier than the day when securities are actually issued. The market return is the rate of changes in TOPIX. The data source of banks' stock prices and TOPIX is Nikkei Financial Quest. The number of events is 193. Table 4 shows that CAR is negative and significant. The securitization significantly lowers CAR by 0.4 percent. Greenbaum and Thakor [9] points out that banks may securitize high quality assets and retain poor quality assets because banks can transfer their liabilities to deposit insurance. Ambrose et al. [2] posits that banks retain riskier loans due to regulatory capital incentives (capital arbitrage) or concerns for reputation. Our theoretical analysis comparing the normal and deteriorating asset quality cases suggests that frequent asset securitization serves as a signal that banks' investment opportunities are deteriorating and lowers the bank's market value. Negative responses to the announcement of securitization are consistent with those hypotheses.
Results
Extension and Concluding Remark
We formulate banks' asset securitization as their value-maximizing behavior to control their asset size (or leverage). As a solution of stochastic optimization problem, we can derive when and to what extent banks securitize assets. Our theoretical analysis yields some interesting results including the high leverage during the boom (or bubble) period and the infrequent but largescaled securtization during the financial crisis period. Empirical evidences from a Japanese data set are consistent with our theoretical analysis.
While our formulation of securitization is rather comprehensive as compared to previous literature, we could still take into consideration the feedback effects of securitization on banks' asset quality. For example, the originate-to-distribute business model may result in banks' loose 12 screening of loan applicants and deteriorate loan quality (Keys et al. [13] ). Banks may also distinguish assets between those securitized and those held by themselves (Ambrose et al. [2] ). Take an example of the normal situation (Case 1). If the bank has access to the securitization market and, by knowing that fact, it may have an incentive to initiate loans which are not necessarily satisfy the bank's risk-return qualification. Suppose that µ = 0.05 and σ = 0.25 in our Case 1 meets the lending criteria and that the bank starts lending money to assets with inferior quality, µ = 0.05 and σ = 0.30, with a view to selling those assets. In this case, however, outside investors may anticipate the low quality of the securitized asset and consequently the bank may have to sell these assets at discount (say, λ = 0.8). See Figure 6 . The upper and lower curves are mere reproductions of Figure 1-(a) . The curve in the middle (dotted line) is the value function with inferior risk-return profile (µ = 0.05 and σ = 0.30). If the initial asset level is large enough, the value function has a higher value thanv(x), the lower curve. Recall that this functionv(x) corresponds to, when the initial asset level is x, the profit level if there is no asset securitization done (with µ = 0.05 and σ = 0.25). This picture tells us that there exists an incentive that the bank may have when they have machinery to sell their asset. 
